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C O K D I T I O N  WITH ENGINE I D L I X G  

By D o n a l d  B, Talmage 

SUNM ARY 

Typical t h r u s t  and torque c o e f f i c i e n t s  and incre-  
ments, due t o  the p rope l l e r ,  i n  the  r a t i o  of  the 
dynamic pressure  a t  the t a l l  t o  t he  f ree-s t ream dynamic 

a r e  presented f o r  10 f u l l - s c a l e  

a i r p l a n e s .  
measurements o f  engine speed and a i r speed  with the  a i d  
of p r o p e l l e r  c h a r t s  t o  provide t h r u s t  data t o  Perve 8 s  
a b a s i s  f o r  the  simulation of g l i d i n g - f l i g h t  condi t ions  
of  f u l l - s c a l e  a i r p l a n e s  on powered wind-tunnel models. 
The t h r u s t  c o e f f i c i e n t  T, ranged f rom values  of  
about 0 t o  -0.1 with an average value o f  -0.035 a t  a 

l i f t  c o e f f i c i e n t  of  0.5. Va lues  of A($) e s t i -  
Prop 

mated froin the  p r o p e l l e r  t h r u s t  c o e f f i c i e n t  rarq-ed f rom 0 
t o  about -0.20 with the  average a t  about -0.09 a t  low 
l i f t  c o e f f i c i e n t s .  
c o n s i s t e n t l y  became s l i g h t l y  more ncgktive as t h e  speed 
decreased. 
2 percent  mean aerodynamic chord appears 2oss iS le  i n  
determining the  n e u t r a l  p o i n t  from wind-tunnel t e s t s  o f  
a model i n - t h e  g l i d i n g  condition i f  the p r o p e l l e r  i s  
opera ted  a t  z e r o  t h r u s t  r a t h e r  tkan a t  the  values of 
t h r u s t  c o e f f i c i e n t  i nd ica t ed  by the  f l i g h t  t c s t s .  

These q u a n t i t i e s  were ca l cu la t ed  f r o n  f l i g h t  

The th rue t  and torque c o e f f i c i e n t s  

Calcu la t ions  ind ica t e  t h a t  an e r r o r  o f  about 

T N T R O I X C T I  ON 

An i d l i n g  p r o p e l l e r  genera l ly  has an important 
e f f e c t  on the  long i tud ina l  s t a b i l i t y  o f  an a i r p l a n e  



Ir, t e s t , i r * g  powered m d e l s  i n  u i n d  t u n n e l s ,  the 
present Fecera l  procedi i re  i n  eixulatin: , :  the glicl lng 
c n r 6 i t i o n  ( eng ine  idlir?g) i s  t o  o p e r a t e  a t  ;i t h ru , ? t  
coe f f5c Ien t  equa l  t o  0 ar t o  l e t  t h e  p r o p e l l e r s  vvtnd- 
~ T l l .  I 3  t h e  p a s t ,  d a t z  3n the va lues  of t h r v T t  m d  
Lorque c o e f f i c i e n t s  of  f u l l - n c a l e  a i r p l m e s  i n  the 
&I i d ing  con61 t io i i  have no t  bcen availa‘r.1.e. The ;:!irrpose 
o f  t h i s  r e p o r t  is t9 p r e s e n t  typj.ca.1 t h r u s t  and to rque  
c o e f f i c i e n t s  for fu l I -Fca . le  airp!.anes i n  order t h a t  311 
a t tempt  t o  repr2cIi;ce t h e m  on p2wered zimdels can bc niade. 

3 
“C t o rque  c o e f f i c i e n t  

J advance-diameter ratio (V/nD) 

increnent  i n  r a t l o  o f  2ynamnic p r e s w r e  a t  
t a i l  t o  aynarnic p r e e s u ~ e  cixe 
t o  p r o p e l l e r  

L li f ’ t  

free-stream dyxamic presFure  ($pV2) 
g0 
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dynamic p res su re  a t  t a i l  q t  

wing a r e a  

e f f e c t i v e  t h r u s t  

engine power 

torque  

mass d e n s i t y  o f  a i r  

p r o p e l l e r  speed 

p r o p e l l e r  di.ame t e r  

p r o p e l l e r  r a d i u s  

t r u e  a i r s p e e d  

TECJT AND RESULTS 

F l i g h t  t e s t s  were made o f  10 f u l l - s c a l e  a i r p l a n e s  
w i t h  cons t an t - speed  p r o p e l l e r s .  The a i r p l a n e s  were 
flown wi th  flap.'; up, l and ing  Tear up, and engines  
i d l i n g ;  t h e  a i r s p e e d ,  t he  engine speed, and t h e  a l t i t u d e  
were recorded  from t h e  speed a t  which t h e  p r o p e l l e r  
was Foverned t o  t h e  z k a l l i n g  speed. The pertir!e!:t 
t i e t a i l s  oi' t h e  engine-proFel le r  c o m b i n a t h n  ror each 
a i r p l a n e  a r e  r i v e n  i n  t a b l e  I. 

The a i r s p e e d  was xeasured with an  airzpeeci i n d i c a t o r  
i n  t h e  c o c k p i t  connected t o  t he  s e r v i c e  a i r s p e e d  i n s t a l -  
l a t i o n ,  except  f o r  a i r p l a n e  5 and a i r p l a n e  7,  i n  which 
t h e  a l - r speed  i n d i c a t o r  was connected t o  t h e  NACA a i r s p e e d  
i n s t a l l a t i o n .  
were a v a i l a b l e  f o r  on ly  f i v e  a i r p l a n e s  b u t  i n  these  c a s e s  
t h e  e r r o r s  ir , troduced by usine; t h e  uncor rec t ed  i n d i c a t o r  
r ead lng  were found t o  be szal l .  The a l t i t u c l e  was measured 
by an i n d i c a t h g  a l t i m e t e r  and t h e  engine speed by an  
i n d i c a t i n g  tachometer ,  Only readings  taker, wi th  the  a i r -  
p l ane  i n  s t e a d y  c o n d i t i o n s  were used i n  o r d e r  t o  av3 id  
e r r3 r s  i n  t h e  engine  speed. The blade ang les  of t h e  
p r o p e l l e r s  i n  t he  low-pi tch p o s i t i o n  were measured t o  an 
accu racy  of f0.2~ by means o f  a p r o p e l l e r  p r o t r a c t o r .  

C a l i b r a t i o n s  f o r  t h e  a i r s p e e d  i n d i c a t o r s  

L 
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I n  o r d e r  t o  g e t  t h e  ' x t a l  
f u s e l a g e  and vrlng m k e ,  whick r:az n o t  measured, must 
h e  inc luded .  The v a r i a t i o n  o f  the q u a n t i t f e s  T,, &, 

wi th  C L  i s  g iven  for each a i r p l a n e  

qt/qo t h e  e f f e c t  o f  t he  

i n  f f q u r e s  1 t o  10. 

The t h r u s t  c o e f f i c i e n t  T, was g e n e r a l l y  ne,?at ive 
a t  low l i f t  c o e f f i c i e n t s  ar:d becarne m.ore n e g a t i v e  a t  
higher  l i f t  c o e f f i c i e n t s .  F o r  t h e  a i r p l a n e s  t e s t e d ,  
t?ie ran:-;e of t h m s t  coofficTe.rits was apgry,ximatelg 0 
t o  -0.1; the average  va lue  a t  z 19:t c o e f f i c i e n t  of' 0.5 
w:is about  -0.035. The v a r i a t i o n  o f  the torque coef- 
f i c . i e n t  QC was sirnflar to 'chc vai?iatl.on of' t he  t h r u s t  
c o e f f i c i e n t  T,, i n  that both b e c m e  xiore nega t ive  a t  
h i g h e r  l i f t  coe f fEc ien t s .  

The increment of  t h e  ratio of  t h e  dynamic. p r e s s u r e  
a t  t h e  tail t o  the  f r ee - s t r eam cigiiaxiic p r e s s u r e  due t o  

t>ie idling p r o p e l l e s  ~ ; - - 4  1 

t o  -0.22; the average value -Lor ~111. aii.pl:ine:: a t  :L low 
1i.f t c o s f f  i c i e r i t  wa,n a j o > -  ... t -0.09. Thesci i n c r m e n t s  f o r  
a j - rp l anes  2 ,  4,  and 7 were Sreater than -0.12 throughout  
t h e  ravlge o f  ].if t c o e f f i c i e n t .  TI:ie,?e uiiusually l a r g e  
lnci7emznts may be shown t o  r e s u l t  :ir! an a p p r e c i a b l e  
r e d u c t i o n  in longitudina!.  s t a b i l i t y .  The e f f c c t  o n  t h e  
Ion)? ri t uc? 4na 1 e tz ab I 1;. t y of' t h e  v a r i a t i o n  o f  dpamic  pres -  
sure a t  the t a i l  w i t h  l i f t  coei'f.'l.cient Ss u s u a l l y  s m a l l  f o r  
t h e  gliding c o n d i t i o n  with f l a p s  r e t r ac" id  and nay be 
n e g l e c t e d  f o r  preliminary e ot imate  s . 

r4zriged from 0.01 
(q \ 

\q o/p r 0 p 

C a l c u l a t i o n s  were inncle t o  determine the d i f f e r e n c e  
i n  s t a b l l f t y  t h a t  would be ex?ected t o  Tceu1.t if a wind- 
tunnel  moc'Le1 were t e s t e d  i n  the e;:Liding condi t l .on w l t h  
t h e  masurec! va lues  of t h r u s t  c o e f f i c i e n t  i n s t e a d  of 
with zero t h r u s t  c o e f f i c i e n t .  The t h r u s t  c o e f f i c f c n t s  
measured on  a i r p l a n e  6 ( f i g .  6) were t aken  as t y p i c a l  
of t h e  r e s u l t s  ob tafned .  The c h a n p  5.11 ne,u:tral p o i n t  



hetween t h e  c o n d i t i o n s  of z!?m t k r a s t  and the  meuj?ured 
t4hr.ust c o e f f i c i e n t  was e s t i p a t e d  fr3m t h e  ef 'feccs of' the  
ci.-:anges i n  t h r u s t  f o r c e ,  p r o p e l l e r  v e r t i c a l  f o r c e ,  afid 
downwash arid dynamic pressl l re  a t  t he  t a i l .  

t h r u z t  c o e f f i c i e n t  v s r i e s  x i t h  15..ft c o e f f i c i e n t .  The 
e f f e c t  i s  2roport lona. l  t o  t h e  d i r t , ance  between t h e  c e n t e r  
o f  g r a v i t y  and the  t h r u s t  a x i s ,  For a i r p l a n e  6 ,  t h e  
e f f e c t  of the v a r i a t i o n  of thru7.t; c o e f f i c i e n t  with l i f t  
c c e f f i c i e n t  w a s  n e g l i g i b l e  becauze t:?e ce:iter o f  grav:i.tg 
of t he  a i r l i l ane  c a s  very  c l o s e  t c  t h e  t h r u s t  axis; on 

a i r p l s n e  of which t h e  c m t e r  of  g r a v i t y  was 0.1 c'llord 
l e n g t h  below the t h r u s t  a x f s ,  t h i s  e f f e c t  would cause a 
f o r u a r d  s'cilft i n  n e u t r a l  p o i n t  of a53ut  1 pe rcen t  mean 
aerodp?amlc chord  (X. A. C . )  . 

%e p r o p e l l e r  v e r t i c a l  f o r c e  and downwash i x i  t h e  s l i p -  
stream were esk!mctecI from t h e  cu-rves c i v e n  i n  reffexlerlce 2 .  
k rearward F k i f t ,  i n  the n e u t r a l  p o i n t  of 0.1 p e x e n t  M . A . C .  
Cue  to the vertical force O K  t!ie p r o p t l . l e r  was found  t o  
be caused by a chm;yc in 'ilir3uct c o e f f l c , i e n t  f r o m  0 t 3  the  
measured value oj.' -0,1)42. \ i i b '  w2 t h e  ~ : ~ r ; ; e  c'nnngt3 i r i  t h r u s t  
c o e f f i c i e l l t ,  the  zhLft, i n  r:eutral. p o i n t  due t o  t h e  down- 
wash behind. t 9 e  p r o p e l l e r  ar?d the  dynamic p r e s s u r e  a t  t h e  
t a i l  was a'2out 1 percen t  1J .k .C.  forward., An e r r o r  of 
cbout 2 per iceat  ii.:.k.C,. i n  t h e  de t e rmina t ion  o f  -5he n e u t r a l  
p o i n t  i n  t h e  g l i d i n z  c o n d i t l o n  t l- ierefore appears possible 
i f  t h e  p r o p e l l e r - o p e r a t i n q  c o n d i t i o n s  a re  riot s.imulated 
c o r r e c t l y .  

The Lhrust f o r c e s  a f f c c t  t h e  n e a t r a l  poi.nt if t h e  

Resu l t s  o f  f l i F h t  t e s t s  icade t o  de te rmine  t h e  t h r u s t  
c o e f f i c l e n t s  of 10 a i r p l a n e s  i n  t h e  @ l i d i n 2  c o n d i t i o n  
v i t h  engines  i d l i n g  i n d i c a t e d  t h e  fo l lowing  conc lus ions :  

a t  a l i f t  c o e f f l c i e n t  of 0.5 .  
1. T1q.e average t h r u s t  c o e f f i c i e n t  mea::ured was -0.035 

2 ,  T h e  t h r u s t  am3 tom-u.e coef f  icl .eRts became s l i g h t l y  

3 .  A t  a l.lf't c o e f f i c i e n t  of 0.5, t he  average increinent 

n o r e  Eegat ive as t h e  spew1 ckcreased.  

o f  t h e  ratio o f  dynamic p r e s s u r e  a t  t he  tail t o  f r e e - s t r e a m  



dynamic _nrsssure due t o  the i d l i n g  p r o p e l l e r  was about  
-0.09, which ree?il+Ad i n  a logs  i n  l o n g i t u d i n a l  s ta? . i l? ty .  

4. C a l c u l a t i o n s  i n d i c a t e d  t h a t  operz t in ,?  a t  ze ro  
*L?rust i n s t e a d  of c o r r e c t l y  siniulating the  p r o p e l l e r -  
o ? e r a t i n g  c o n d i t i o n  i n  w i n d - t u n e l  t e s t s  t.o cletsr:t.,ine 
l o c g i t u d i n a l  s t a b i l i t y  i.n the  g l i d i n g  c o n d i t i o n  nag 
cauee a p o s s i b l e  e r r o r  .i_n the  c a l c u l a t e d  n e u t r a l  p o i n t  
of  about 2 pe rcen t  mean aeroeynamic chord.  

Langley Nemorial Aeronaut ica l  LLabora t o r y  
Xa t iona l  Advisory Comyittee for Aeronaut ics  - Langley F i e l d ,  Va. 
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